In order to explore the influence of satellite observation data on the top-down NOX estimates at regional scale, the top-down NOX emissions for Yangtze River Delta (YRD) region at 9 km spatial resolution were developed with Peking University Ozone Monitoring Instrument NO2 product (POMINO) v1 and POMINO v2 satellite observation data in January and July of 2016. The differences of top-down NOX estimates derived from the two satellites were quantitative evaluated, and the reasons were comprehensively analyzed. The total NOX emissions based on POMINO v2 in January and July was 27% and 45% higher than those derived with POMINO v1, respectively. It indicated that the difference of top-down estimate derived from different satellite observation in summer was larger than that in winter. Considering that the difference between the two observations in January was similar to that in July, it was mainly because that the sensitivity of NO2 concentration to emissions was larger in summer than in winter. Top-down estimates derived from the two satellite observation were evaluated with air quality model (AQM) and ground observation. The model performances derived from top-down NOX emission based on POMINO v1 were better than those based on POMINO v2. The probable reason was that the NO2 vertical column densities (VCD) in POMINO v1 was closer to available groundbased MAX-DOAS observations during cloudless days and the satellite observation of cloudless was usually selected to inversing NOX emission.
INTRODUCTION
Nitrogen oxides (NOX = NO2 + NO) are important pollutants of atmosphere, and they play a key role of secondary inorganic aerosols (SIA) and O3 pollution. NOX emission inventory is basic data of air quality modeling and formulating pollutant control measures. The traditional bottom-up method was usually used to develop NOX emission inventory, and there was larger uncertainty in the bottom-up NOX emission for China due to the incomplete statistic data and emission factors (Granier et al., 2011; Ding et al., 2017; Zhao et al., 2017 , Saikawa et al., 2017 . In order to improve the emission, top-down method was applied to constrain NOX emission with air quality model (AQM) and satellite observed troposphere NO2 vertical column density (VCD). (Kurokawa et al., 2009; de Foy et al., 2015; Zyrichidou et al., 2015; Kong et al., 2019) .
The NO2 VCDs of Ozone Monitoring Instrument (OMI) was frequently used to constrain NOX emissions due to the higher temporal and spatial resolution (Zhao and Wang, 2009; Gu et al., 2014; Jena et al., 2014) . The Peking University OMI NO2 data product (POMINO) v1 and POMINO v2 derived from OMI were available in mainland China (Lin et al., 2014; Lin et al., 2015; Liu et al., 2019) .
Satellite observation was essential data for top-down estimate and there was a large difference in top-down emission based on different satellite (Zhao and Wang, 2009; Gu et al., 2014) . The relative difference in top-down NOx emissions derived from different satellite observations was about 32% over China in 2011 (Gu et al., 2014) . The studies for exploring the influence of satellite observation were usually conducted in country level with coarse resolution, while the study for exploring the influence of different satellite observation on top-down NOX emission at the regional scale in finer resolution was lack.
In China, the air pollution usually existed at regional scale, thus the influence of different satellite observation on top-down estimates at that scale should be evaluated. Located in eastern China, the Yangtze River Delta (YRD) region including the city of Shanghai and the provinces of Anhui, Jiangsu and Zhejiang is one of the most developed regions and a hotspot of NOX emissions in the country (Li et al., 2017) .
In this study, we chose YRD to explore the influence of satellite observation data on the top-down NOX estimates at the regional scale. Firstly, the NO2 VCDs of POMINO v2 for YRD at 9 km in January and July of 2016 were compared with those of POMINO v1. Secondly, the top-down NOX emissions of YRD in January and July of 2016 were developed with POMINO v1 and POMINO v2. Finally, the bottom-up emissions and topdown emissions of YRD derived from POMINO v1 and POMINO v2 were evaluated with AQM and ground-based observation of NO2.
MATERIALS AND METHODS

Satellite Observation
The OMI onboard the Aura satellite cross the equator at 1:30 PM of local time. The Dutch Ozone Monitoring Instrument NO2 product (DOMINO) v2 was derived by Boersma et al. (2011) base on OMI data. Lin et al. (2014) developed the improved Peking University Ozone Monitoring Instrument NO2 product (PMONINO) v1 for China based on DOMINO v2 algorithm (OMI NO2 slant columns and stratospheric correction) and a more sophisticated air mass factor (AMF) calculation over China. Liu et al. (2019) developed an improved POMINO v2 for China upon DOMINO v2 with optimizing vertical profiles of NO2. In order to explore the influence of satellite observation on top-down NOX emission of YRD, the level 2 data of both POMINO v1 and POMINO v2 were used. The original spatial resolution of OMI was 24 × 13 km at nadir (Levelt et al., 2006) . For matching the resolution of the model, the NO2 VCD of POMINO v1 and POMINO v2 were resampled into 18 × 18 km grid with the area weight method, and then they were downscaled to 9 × 9 km with Kriging interpolation method.
Inverse Approach
The nonlinear inverse approach was used to constrain the NOX emission in this study. In this approach, the variable nonlinear correlation between NO2 VCDs and NOX emissions, and the top-down emissions were calculated based on the following equations:
where Et = the top-down emissions; Ea = the a priori emissions; Ωo = the observed NO2 VCD; Ωa = the modeled NO2 VCD; β = the response coefficient of the simulated NO2 VCD to a certain change in emissions.
By testing, it was reasonable that the 10% was set as the changed fraction of a priori emissions in this work, and β was estimated based on the changed fraction of the a priori emission and corresponding changed modeled NO2 VCD. The daily topdown emission derived with the nonlinear approach was treated as the a priori emission of the next day. According to the testing based on the method used in the Cooper et al. (2017) , the topdown NOX emission was usually improved by the constraining of each time in a month. Therefore, we used the average of topdown NOX of the last three days as the top-down NOX of the moth.
Model Configuration
The Models-3 Community Multi-scale Air Quality (CMAQ) version 4.7.1 was applied to constrain and evaluate the NOX emissions. As illustrated in Figure 1 , two nested domains were applied with the spatial resolutions at 27 and 9 km, respectively in the Lambert Conformal Conic projection centered at (110°E, 34°N). The mother domain (D1, 177 × 127 cells) covered most parts of China, North and South Korea, and few parts of Japan, while the second (D2, 118 × 121 cells) covered the whole YRD region. Details on model configuration were described in Zhou et al. (2017) and Yang and Zhao (2019) . The spin-up period was 5 days in this study. The boundary condition of D1 was taken from clean air, and that of D2 was taken from the results of AQM in D1.
The emissions of anthropogenic origin in D1 and D2 were obtained from Multi Resolution Emission Inventory for China (MEIC) for 2015. Biogenic emissions were from the Model Emissions of Gases and Aerosols from Nature developed under the Monitoring Atmospheric Composition and Climate project (MEGAN MACC, Sindelarova et al., 2014) , and the emissions of Cl, HCl and lightning NOX were from the Global Emissions Initiative (GEIA, Price et al., 1997) . The NOX emissions from soil were collected from Yienger and Levy (1995) , and were doubled as suggested by Zhao and Wang (2009) 
RESULTS AND DISCUSSION
Comparison of Satellite Observation
The differences (POMINO v2 -POMINO v1) of NO2 VCD for YRD derived from POMINO v2 and POMINO v1 in January and July 2016 are shown in Figure 2 , and the normalized mean biases (NMB) and normalized mean errors (NME) were calculated with the equations A1 and A2 in Appendix. In general, the NO2 VCDs of YRD derived from POMINO v2 were 27.4% and 34.6% higher than those derived from POMINO v1 in January and July, respectively. Specifically, the NO2 VCDs of POMINO v2 were higher than those of POMINO v1 in mostly of YRD except south-east of Jiangsu, north of Shanghai and south of Anhui and Zhejiang in January 2016. For July, the NO2 VCDs of POMINO v2 were higher than those of POMINO v1 in almost all regions of YRD. The degree of spatial difference between POMINO v2 and POMINO v1 in January was similar to that in July, resulting from the similar NME derived from NO2 VCDs of POMINO v2 and POMINO v1.
Comparison of the Top-down Emissions
The bottom-up total NOX emissions and top-down ones derived from POMINO v2 and POMINO v1 in January and July 2016 are shown in Figure 3 . The top-down estimates derived POMNIMO v1 and POMINO v2 were smaller than the a priori emissions for the two months, implying that current bottom-up emissions might be overestimated. The average monthly emissions of the top-down estimation based on POMINO v1 and POMINOv2 were calculated at 218 and 297 Gg/month, 37% and 15% smaller than those from the a priori emission. The bottom-up NOX emissions and top-down NOX emissions derived from POMINOv1 and POMINOv2 in July were 1.6%, 13.6% and 28.7% larger than those of January, respectively. It indicated that the seasonal variation of NOX emissions probably be underestimated in the bottom-up emission inventory. The total NOX emissions based on POMINO v2 in January and July was 27% and 45% higher than those derived with POMINO v1, respectively. Considering that the relatively smaller difference (7.2%) between NMB derived from two observations in January (27.4%) and that in July (34.6%), it was mainly because that the sensitivity of NO2 concentration to NOX emissions was larger in summer than in winter.
The spatial differences (POMINOv2 -POMINO v1) of NOX emissions derived from POMINO v2 and POMINO v1 in January and July 2016 are shown in Figure 4 . The spatial differences of top-down NOX emissions derived from POMINO v2 and POMINO v1 were similar to those of NO2 VCD. The top-down NOX emissions in most of YRD based on POMINO v2 were higher than those of POMINO v1 in January and July. It suggested that the differences of top-down NOX emission between POMINO v1 and POMINO v2 were mainly associated with the differences of NO2 VCD between the two satellite observations. 
Evaluation with AQM and Ground Observation
The observed and simulated NO2 concentrations derived bottom-up NOX emissions and top-down NOX emissions based on POMINO v2 and POMINO v1 in January and July 2016 are shown in Figure 5 . In general, the NO2 concentrations derived from bottom-up emissions were largely higher than those of observed ones in January and July, implying that the bottom-up NOX emissions were probably overestimated. The simulated NO2 concentrations derived from top-down NOX emissions of POMINO v1 and POMINO v2 were closer to observed ones than those of bottom-up ones, resulting from the smaller NMB and NME derived from simulated and observed NO2 concentrations. It indicated that the top-down NOX emissions were improved by top-down estimates based on the POMINO v1 and POMINO v2. Moreover, the improvements in the model performance of top-down NOX emissions in July were largely higher than those in January, and it was mainly because of higher response coefficient between NO2 concentrations and NOX emissions.
The model performances derived from top-down NOX emission based on POMINO v1 were better than those based on POMINO v2. The probable reason was that the NO2 VCD in POMINO v1 was closer to available ground-based MAX-DOAS observations during cloudless days and the satellite observation of cloudless was usually selected to inversing NOX emission .
The spatial differences of NO2 concentration derived from topdown NOX emissions based on POMINO v2 and POMINO v1 in January and July 2016 are shown in Figure 6 . The spatial differences of NO2 concentrations derived from top-down emissions based on POMNINO v2 and POMINO v1 were similar to those of top-down emissions. The total NOX emissions based on POMINO v2 in January and July was 27% and 45% higher than those derived with POMINO v1, respectively. It indicated that the difference of top-down estimate derived from different satellite observation in summer was larger than that in winter. Considering that the relatively smaller difference (7.2%) between NMB derived from two observations in January (27.4%) and that in July (34.6%), it was mainly because that the sensitivity of NO2 concentration to NOX emissions was larger in summer than in winter.
CONCLUSIONS
The model performances derived from top-down NOX emission based on POMINO v1 were better than those based on POMINO v2. It suggested that the top-down estimates based on POMINO v1 were closer to real ones than those based on POMINO v2. The probable reason was that the NO2 VCD of POMINO v1 was closer to available ground-based MAX-DOAS observations during cloudless days and the satellite observation of cloudless was usually selected to inversing NOX emission.
